introduction
Critical limb ischemia is the most advanced stage of peripheral artery disease and is associated with an increased rate of major amputations, cardiovascular death and low quality of life [1] .
Surgical revascularization is one of the effective therapeutic options in critical limb ischemia. Failure of revascularization frequently leads to amputations, at a higher level compared to that of a possible primary amputation. Although the factors related to the operative technique are known to have the highest impact in successful revascularization, the influence of risk factors is insufficiently defined. The clinical presentation of critical limb ischemia (rest pain, ulceration, gangrene) seems to influence the prognosis of revascularization [2] . Due to the fact that severe ischemia reflects systemic atherosclerotic involvement, morbidity and mortality in critical limb ischemia are high. At the same time, the indication of revascularization in the case of these patients should be well documented. In order to improve the results of surgery for limb salvage, the factors that can have a favorable or unfavorable influence on its outcome should be recognized. The knowledge of these factors can allow to prevent or correct the events that negatively influence this evolution, and potentiate those that positively influence it. Prognostic models can play an important role in therapeutic decision and the management of a patient or a group of patients with a certain disease. These models are built in order to estimate or anticipate the probability or the risk of a patient to develop some future clinical event, based on a number of patients and characteristics of the disease [3] .
The aim of defining some prognostic factors in critical limb ischemia is to guide the surgeon regarding the prognosis of each case, following the analysis of factors that are easy to assess preoperatively.
The aim of this study is to identify the prognostic factors of revascularization failure, amputation failure and mortality, among risk factors for atherosclerosis and comorbidities.
Material and method
We performed a prospective study in 198 patients admitted at Surgical II Department, between February 2009 and November 2010 with the diagnosis of critical limb ischemia. Diagnosis was based on clinical data (rest pain, ulceration or necrosis), non-invasive investigations (peripheral pulses, segmental pressures, ankle-brachial index), and imaging data (Doppler ultrasound, angiography, CT angiography). Critical limb ischemia was defined as the presence of rest pain, ulceration or gangrene, with a segmental pressure in the ankle lower than 50-70 mm.
Variables used: We included in the study demographic data (age, sex), major risk factors for atherosclerosis (smoking, diabetes mellitus, arterial hypertension, dyslipidemia) and the presence of comorbidities (cardiac, pulmonary, neurovascular and renal disease). All patients received postoperative antiaggregant treatment. The patients were divided into 4 groups depending on the surgery performed and postoperative evolution: (1) revascularization; (2) revascularization failure; (3) primary amputation and (4) iterative amputation.
inclusion criteria: patients aged at least 50 years (the minimum age at which atherosclerotic critical limb ischemia can develop) [1] , diagnosed with atherosclerotic critical limb ischemia following vascular surgery examination, who underwent at least one surgical intervention in our service.
Patient follow-up: The patients were clinically followed up by postoperative control at 1, 3, 6 months and subsequently once a year.
data collection: The data of the patients were introduced in a database, which was periodically updated according to postoperative control, rehospitalization or death.
Statistical analysis: We analyzed the influence of the risk factors of atherosclerosis and comorbidities on survival using Cox proportional regression. We used as covariables demographic factors (1, 2), risk factors (3) (4) (5) (6) and comorbidities in atherosclerotic disease, plus pulmonary involvement (7-10):
(1) age -continuous covariable, with a mean of 66.51;
(2) sex -(1=men, 2=women); (3) dyslipidemia (0=normal total cholesterol, LDLcholesterol, triglycerides; 1=normal cholesterol, LDL, triglycerides after dieting, 2=normal cholesterol, LDL, triglycerides after drug treatment) [4, 5, 6] ; (4) hypertension (0=normal BP values, 1=BP controllable with single drug, 2=BP controllable with 2 drugs) [4, 5, 6] ; (5) diabetes mellitus (0=no DM, 1=insulin treated DM, 2=non-insulin treated DM); (6) smoking (0=non-smoker, 1=ex-smoker, 2=active smoker) [4, 5, 6 ]; (7) coronary artery disease (0=asymptomatic patient, 1=occult AMI on ECG, AMI older than 6 months, stable angina, silent ischemia on Holter monitoring, compensated congestive heart failure (CHF), drug compensated arrhythmia, EF between 25% and 50%, 2=unstable angina, AMI more recent than 6 months, decompensated CHF, arrhythmia not controlled by drugs, EF<25%) [4, 5, 6] ; (8) renal involvement (0=normal renal function, 1=creatinine between 1.5 and 5.9, 2=creatinine higher than 6 or dialysis) [4, 5, 6] ; (9) chronic lung disease (0=no respiratory dysfunction, 1=mild/moderate respiratory dysfunction -mild dyspnea, minimal RX changes, 20-35% functional alteration, 2=severe respiratory dysfunction, vital capacity (VC) <1.85 L, FEV1 <1.2 L (forced expiratory volume in 1 second), pCO 2 >45 mmHg, pulmonary hypertension, O 2 requirements, maximum expiratory volume per second VEMS <50%) [4, 5, 6] ; (10) cerebrovascular disease (0=asymptomatic, carotid stenosis <70%, 1=asymptomatic, carotid stenosis >70%, transient ischemic attack (TIA), non-specific symptomatology, 2=specific symptomatology, carotid stenosis >70%, sequelar CVA) (according to a model developed in our service [4, 5, 6] ).
results
The characteristics of the patients, depending on the surgery performed (primary amputation vs repeat amputation vs revascularization vs secondary amputation for failed revascularization) are detailed in Table I . 
fig. 1. (a).
Relation between survival and hypertension: the continuous line represents normal BP values; the interrupted line represents BP controllable with one drug; the dotted line represents BP controllable with 2 drugs; (b). Relation between survival and cardiac comorbidity: the continuous line represents the asymtomatic profile; the interrupted line represents occult AMI on ECG, AMI older than 6 months, stable angina, silent ischemia on Holter monitoring, compensated CHF, drug compensated arrhythmia, EF between 25% and 50%; the dotted line represents unstable angina, AMI more recent than 6 months, decompensated CHF, arrhythmia difficult to control by drugs, EF <25%; (c). Relation between survival and renal comorbidity: the continuous line represents normal renal function; the interrupted line represents creatinine between 1.5 and 5.9 and the dotted line represents creatinine higher than 6 or dialysis; (d). Relation between survival and pulmonary disease: the continuous line represents no respiratory dysfunction; the interrupted line represents mild/moderate respiratory dysfunction -mild dyspnea, minimal RX changes, 20-35% functional alteration; the dotted line represents severe respiratory dysfunction, VC <1.85 L, VEF1 <1.2 L, pCO2 >45 mmHg, PAH, O2 requirements, MEVS <50%.
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Clujul Medical 2013 Vol. 86 -no. 1 (Fig. 1A) . A recent history of unstable angina, myocardial infarction, the presence of congestive heart failure or arrhythmia difficult to control by drugs decreased the survival of these patients compared to asymptomatic patients or those with occult acute myocardial infarction (AMI) on Holter monitoring, myocardial infarction older than 6 months, stable angina, compensated congestive heart failure (CHF), drug compensated arrhythmia, EF between 25% and 50% (Fig. 1B) .
Survival was also lower in the case of patients with severely altered renal function compared to those with normal or slightly altered renal function (creatinine values between 1.5 and 5.9 mg%) (Fig. 1C) , as well as in the case of patients with severe respiratory dysfunction compared to those without respiratory dysfunction or with mild/ moderate respiratory dysfunction. 
fig. 2. (a).
The duration up to amputation failure in relation to diabetes mellitus: the continuous line represents no DM; the interrupted line represents insulin treated DM; the dotted line represents non-insulin treated DM; (b). The duration up to amputation failure in relation to cardiac comorbidity: the continuous line represents the asymptomatic profile; the interrupted line represents occult AMI on ECG, AMI older than 6 months, stable angina, silent ischemia on Holter monitoring, compensated CHF, drug compensated arrhythmia, EF between 25% and 50%; the dotted line represents unstable angina, AMI more recent than 6 months, decompensated CHF, arrhythmia difficult to control by drugs, EF <25%; (c). The duration up to amputation failure in relation to neurovascular comorbidity: the continuous line represents asymptomatic patients, carotid stenosis <70%; the interrupted line represents asymptomatic, carotid stenosis >70%, TIA, nonspecific symptomatology; the dotted line represents specific symptomatology, carotid stenosis >70%, sequelar CVA.
A similar analysis was performed for the identification of the prognostic factors of amputation failure. The presence of diabetes mellitus, cardiac and neurovascular involvement were found to significantly influence prognosis. The prognosis of patients without diabetes mellitus or with diabetes controlled by oral antidiabetics was better regarding the success of primary amputation compared to patients with insulin treated diabetes mellitus ( Fig. 2A) . Likewise, patients with asymptomatic coronary artery disease or occult AMI on ECG (Fig. 2B) , as well as patients with asymptomatic neurovascular involvement, carotid stenosis less than 70% or TIA, had a better prognosis compared to patients with carotid stenosis more than 70% or specific symptomatology (Fig. 2C) .
A third statistical analysis was carried out in order to detect prognostic factors for revascularization failure, but no statistically significant factors were identified (χ 2 [17] =22.3, p=0.17).
discussion
The major aim of the study was to analyze survival in the first place, then, depending on the group, the success of amputation or revascularization. Regarding survival, the factors that proved to be predictive were difficult-tocontrol arterial hypertension, advanced coronary artery disease (defined as unstable angina, AMI more recent than 6 months, decompensated CHF, arrhythmia difficult to control by drugs, EF <25%), dialysis dependent renal failure, and severe respiratory dysfunction. The predictive factors of amputation failure included insulin treated diabetes mellitus, coronary artery disease defined like in the case of survival analysis, and neurovascular involvement with specific symptomatology.
Depending on the final goal of the study, different risk factors can be highly predictive or, in the case of a different final goal, they can have no predictive capacity [7] . In our study, only coronary artery disease maintained its predictive capacity regardless of the endpoint.
The first predictive factor found by us was arterial hypertension. The fact that this is not found to be a significant risk factor in other studies [8, 9] can be explained by the division of the patients into three degrees of severity. Only patients with difficult-to-control arterial hypertension (N=63) had a poorer survival rate, which was significantly lower compared to patients with normal blood pressure values or BP controlled by one drug. However, there are studies that support antihypertensive therapy as a protective factor against cardiac events [12, 13] .
The impact of respiratory dysfunction on the evolution of patients with critical limb ischemia is investigated in the majority of the studies [7, 8, 11, 12] . While in multicenter studies survival does not seem to be influenced [8, 10] , there are studies that find severe respiratory dysfunction to be a risk factor for the 
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Clujul Medical 2013 Vol. 86 -no. 1 development of cardiac events [12, 13] . Renal failure and coronary artery disease are risk factors in another multicenter study [10] , having as an endpoint the survival without amputation of patients with critical limb ischemia who underwent femoral-popliteal bypass with a venous graft.
dialysis-dependent renal failure was a prognostic factor both in our study and in other studies [8, 10, 14] . Although the rate of permeability of infrainguinal bypass is acceptable in patients with dialysis dependent renal failure [15] , there is clear evidence that terminal renal failure is associated with early secondary amputation [16, 17] and very poor survival [18, 19] . Thus, in our study, dialysis dependent renal failure proved to be a strong predictive factor of survival. Moreover, Owens et al. [14] evidenced a linear relationship between the alteration of renal function and the reduction of survival in patients undergoing revascularization of the lower limbs, starting even before the dialysis dependent stage.
Coronary artery disease, symptomatic or not, was present in more than 50% of the patients. It is well known that systemic atherosclerotic disease present in patients with peripheral artery disease not only affects immediate morbidity and mortality, but also increases the risk of death of cardiac cause [20, 21, 22] .
Primary amputation is aimed at improving pain, healing the stump per primam, and ensuring a functional stump. Major amputation is not always associated with negative prognosis, and many patients succeed in maintaining their ambulatory status in spite of their disability [23] . Although extensive, the literature focuses on determining the prognostic factors of survival without amputation or of maintaining a functional limb or stump. As far as we are concerned, we considered that the choice of an adequate amputation level contributes to the improvement of the quality of life of these patients. The decision regarding the amputation level was made by weighing the probability of the per primam healing of the stump and the perspective of maintaining the ambulatory status of the patient.
insulin treated diabetes mellitus was the main factor that influenced the quality of the amputation stump. Insulin requirements are associated with an increase in morbidity and mortality of cardiovascular cause [24, 25] , although some studies consider insulin requirements as a marker of the severity of diabetes mellitus [26, 27] . Insulin treated diabetic patients with critical limb ischemia have a low survival rate and an increased rate of amputations. At the same time, survival and the limb salvage rate in patients treated with diet or oral antidiabetics are identical to those of non-diabetic patients [28] . In our study, insulin treated diabetic patients with critical limb ischemia have an increased risk of repeat amputations. Yip et al. [29] have studied the factors that influence the failure of amputation, which are mainly local: absence of popliteal pulse, amputation stump trauma, wound infection, distal trophic disorders. These local conditions can also be influenced by the presence of diabetes.
The comorbidities that can influence the evolution of an amputation or can determine the choice of an incorrect amputation level have been less studied.
Coronary artery disease is maintained as a predictive factor in the case of amputation failure. Patients with unstable angina, difficult-to-control arrhythmia, decompensated CHF seem to be more exposed to an unfavorable evolution of a minor or major amputation performed below the knee level. This can be due to more severe atherosclerotic involvement, which is why minor amputation can be insufficient. Severe cardiac involvement can also cause low cardiac output, with insufficient blood supply of the lower limbs, or can favor acute ischemia on an atherosclerotic terrain through an emboligenic mechanism.
Cerebrovascular disease can influence the evolution of patients with minor amputation for critical limb ischemia in the context of extensive atherosclerotic involvement. In the case of the presence of associated motor deficit or cerebrovascular accident, the homolateral ischemic limb also has a clear indication of amputation above the knee. In this case, patients with reduced mobility are very unlikely to wear a prosthesis. Thus, palliative amputation above the knee is preferable to amputation below the knee, where there is an increased risk of decubitus lesions and delay/absence of healing [23] . The choice of an amputation level below the knee in patients with advanced cerebrovascular disease is incorrect and non-beneficial. These patients have a limited functional rehabilitation capacity, which is why thigh amputation is more risk free.
The analysis performed for the identification of risk factors for revascularization failure found no risk factor with statistical significance of the analyzed ones. When successful revascularization is considered, this is defined as graft permeability and limb salvage. This is supposed to result in an adequate ambulatory capacity of the patients, their independence and survival [30] .
The factors that influence the success of revascularization are rather related to technique: the type of prosthesis used, the level of distal anastomosis and runoff [2] .
Our results are in agreement with other studies that found no independent prognostic factors for survival without amputation [8] . However, the association of coronary artery disease and renal failure seems to influence survival without amputation [8] . Even PREVENT III, a randomized multicenter study that elaborated a prognostic score, proved to be less useful in evaluating the prognosis of successful revascularization than regarding survival [7] , due precisely to the focus on systemic risk factors, not on factors relating to technique (graft type, vein diameter etc.).
The identification of risk factors will allow to estimate prognosis at the time of presentation of the patient. This will finally serve to guide therapeutic decision and adjust treatment.
The limits of the study are related in the first place to the small number of patients and to the fact that the study was carried out in one center. Also, the diagnosis of comorbidities and the evaluation of risk factors were based on anamnesis and previous examinations, without being always accompanied by a multidisciplinary evaluation performed by the same team.
Another limit of the study was the absence of the cause of death. These patients may have an increased mortality rate of non-cardiovascular cause (neoplasms, diabetes mellitus, lung diseases). However, it should be noted that the absence of the control of risk factors associated with a poorer prognosis due to comorbidities results in a higher mortality rate of patients with critical limb ischemia.
Conclusions
Following the analysis of the major risk factors of atherosclerosis and comorbidities, we identified as prognostic factors of survival with statistical significance difficult-to-control arterial hypertension, severe coronary artery disease, dialysis dependent renal failure, and severe respiratory dysfunction. The association of these prognostic factors leads to a proportional decrease in survival.
The failure of a primary amputation is determined, in addition to local factors, by some predictive systemic factors: insulin treated diabetes mellitus, severe coronary artery disease, and cerebrovascular disease.
The success of revascularization depends in the first place on the correct indication and technique.
Further studies are required for the validation of the prognostic model proposed by us.
